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:§> Hydrophillc bioporymeric coporyelectrolytes. and biodegradable wound dressings comprising same. 

*@ Hyaropnilic biopaiymenc coooiyelectrolytes compris- 
ing (a) a water-soluble linear anionic protein poiyeiectro- 
lyie component derived from keratin and (b) a water-soluble 
linear cationic biopoiymer polyelectrolyte component deriv- 
ed from at least one biopoiymer selected from the group 
consisting of collagen and a glucosaminoglycan. Hydrogel 
membranes formed from me ccpolyelectroiytes are useful 
as oioaegraaaole dressings for denudea tissue wound 
sites. 
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^ro^T-r 5ICP0LYMERIC CQPOLYELF - CTP.OLYTES , AXD 
"\-rr ; -f:^.ABL£ WQU>ID DRESSINGS CQM?RISING SAME 



SACKGRC'J^O HP THE INVENTION 

n-his 'invention relates to novel hydrophilic 
b^ooolvmeric materials and, more particularly, to the 
use" of such materials in the form of hydrogel mem- 
branes as biodegradable dressings for denuded tissue 
wound site, such as burn wounds and ulcerations. 

In the therapeutic procedure for treating an 
ex^sWely burned patient, devitalized tissue is 
. -amoved from the burn site, and the debrided areas a,e 
covered with a " temporary ■ burn wound dressing prior to 
de^niKve allografting. The temporary burn wound 
cvess'rg ideally provides several important therapeu- 
tic functions. First of all, it serves as a barrier 

of wate', salts, and proteins rrora v he 
t-o orevent ioss or rfate- , =>^j-~- > . 

,'n^ai"'n {1 'eu while blocking microbial in.ec-ion 
";;; m '" the environment. Secondly, it serves to improve 
wound bed base and promote wound closure, tnereoy 

- rt ,nnfpn'^cn and regeneration or -ne 
wound'area.' Thirdly, it serves to alleviate pain. 

The best wound coverage material is s.<m itse_, 
a biologic dressing with a collagenous component 
-nde~ng it adherent to endogenous fibrin, anc a 
'Keratinized water proof surface.. Biologic dressings 
, n cu ^ent use include commercially available P^m 
5 heterocraft, and living (donor) human or human cadaver 

1~ mte-ial While human skin has a numner o. 
homogrart material.. 

■ ~;«<=vin for this puroose, tnere ar_ 
advantages over pigs Jem ^or w-* v . 

k-^-,c associated with obtaining, storing, and 
many problems assoc.ateu 
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us - n c frozen ar.c lyccr.ilized human s>ir.. ^cin rar.;<s 
• „ 4.' -■ ~ r\ n --^-.-3^0 -i»t- vear in order to 

iCUi«--« ---- - - 

su??iy existing burn centers. In any case, either of 
these types of biologic dressings give rise to re- 
jection pher.cr.sria which rr.ar.data their rerr.cvai and 
replacement every 2 to 5 cays, or every 2 to 3 weeks 
if measures are taken to retard the rejection phenome- 
non. Eventually, however, these dressings must be 
stripped, often resulting in bleeding and renewed 
destruction of the graft base. 

The body's rejection of foreign biologic dress- 
ings has lead to a search for skin substitutes which 
are either completely synthetic, derived from tissue 
components, or some combination thereof.. Such search- 
has" not heretofore met with great success due to the 
difficulties involved in finding a material exhibiting 
the proper combination of properties essential for an 
ideal skin substitute. These properties include 
rapid, uniform, and strong adherence of underlying 
tissues; water vapor transport characteristics suffi- 
cient to keep the underlying, tissues moist without 
creating pooling; elasticity; durability; intact 
bacterial barrier characteristics; nonantigenicity and 
nontoxicity; high permeability to oxygen; capability 
of being easily applied and removed; easily storable; 
and relatively inexpensive. 

The materials previously proposed as skin substi- 
tutes have generally been found to be lacking in one 
or more of the foregoing properties. The most satis- 
factory of these materials have consisted of layered 
^omoosite membranes having an cuter layer designed for 
durability and elasticity, such as silicone or other 

1 • _ .si i — . -nr ?n < m 0 ** iaver desicnec 
synthetic polymeric nlm; cnc a... ...n — 

for maximum -adherence, such as collagen, cotton gauze, 
35 or Dacron flocking. However, the necessity for these 
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„ • ^ _ e ^- a r, e burn wound dressings to be stripped 

. _ - _ r _ -■ - -• -r= ?atccritftir.c ( poses 
tr t"-e wound prior zo ce.-.^-'e 2Uu ^- 

■ . -_i c?-,r-o -»ose dressings, 

some a-'- e{ cult design proDlems. since w..-s- 

c-ne^ly deaend upon tissue ingrowth into their inner 
ilyer ^or adherence of the wound, complete removal or . 
"the dressing is difficult and may require re- 

• -tu : i „ Z u rpav be DOSS ID LB 

debridement before grartmg. Whixe iw -ay ne ? 
to overcome this problem by having the inner layer 
formed of a biodegradable material, such approach nas 
been found to result either in a premature low or 
adherence and effectiveness of the dressing berore 
completion of wound healing, or " 
considerable scar tissue, unless the 
rat. of the inner layer, is carefully controllea so as 
*o o~ec«selv coincide with the rate of wound healing 
' ' "^Homogeneous hydrogel membranes - formed from the 

. \ S vn--ietic colvmeric material, Hycron, - ia /e 

hvdrconilic syn^net-c ~ . 

• e i^e'- ; '-iitss for use as ou.n 
pi so been proDOsea as sum subs.^ates 
aiso oeen . nate riai combines adherency to 
wound dressings. ihis ..ace-- 

0 arv and =oi« ti.™ •*« — "f* . 

« t .„ of conformity to a regular contour el. 

~«n-i r*i tv being inert , and ?^ OViU - - 
ticity, nonantigenicity, oe.ay 

^- nn^i'mV-nbial barrier. I-s major 
effective anuimic^D^j. u ^^-^ve 

as . b ur„ wound dosing, however, are rts «c. .„ e 

u >- arw * i-q lew deqree of durability 
>5 permeaDili^y to w«t — > w , „ afD 

. «w with vat- r or in the presence or mocerate 

when wasned with wat-r Alas ^- C itv is too 

««« or ble^dino. Moreover, its elas«-_city 
oozing or Die-u-.iy. 

rapidly lost upon drying. For these reasons - h-s 
not proven to be practical _ tor relatively long ...» 

- j^-cci-;: applications - 
30 burn wound c-essi*^ 
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In our co-pending European Application No. 
83301149.7 (published on 21.09.83 under Publication No. 
0089152A) we have described and claimed a hydrophilic 
biooolvmeric copolyelecrrolyte which is a significant 
5 improvement over previously known biodegradable ,vound 

dressings, and which comprises (a) a water-soluble linear 
anionic protein polyelectrolyte component derived from 
keratin and (b) a water-soluble linear cationic 
biopolvmer oolyelectrolyte component derived from at- 
10 least one biopolvmer selected from a glucosaminogiycan 
(which is ureferably chitosan, more preferably m 
carboxylate eg acetate form) and collagen. Our prior 
application, supra, teaches that the weight ratio oi tne 
anionic keratin polyelectrolyte component to the canonic 
15 biopolymer polyelectrolyte component in the 

copolyelecrrolyte is most suitably within the range ox 
from about 1:1 to about 10:1, and more preferably wirnm 
the range of from about 2:1 to about 5:1. Examples are 
presented which illustrate the preparation of such 
20 biopolymeric cdpolyelectrolytes. and of -.heir succe.siu. 
use as wound dressings m chuical t.ia_s on 

Summary of th e Invention 

It has now been found, in accordance with the 
present invention, that hydrophilic biopolymeric 
25 copolyelectrolytes which have improved properties as^ 
wound dressings are obtainable, following the genera, 
teachings of our earlier application, suora, but 
employing different relative amounts of the anionic ana 

cationic components. 

More snecifically, the present invention 
provides a hydrophilic biopolymeric copolyelectrolyte o« 
( a) a water-soluble linear anionic protein 
L yelectrolyte component derived from kerarm *a o 
^ter-soluble linear cationic biopolymer po ye ; . 
component derived from at least one biopo lym „ ~ 
from a glucosaminogiycan and collagen, -ae u~„ 
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^a-in nni'-p'prt"civte component to 
of said anionic protein pol.e.eci.-x^ . 

,„ nor nnT-el^ctrolvte component lying 
sa^d cationic biopol.mer po-.eucuu . ^ 

x n 001-1 ~o 16:1 but outside me 

• -hp t. an rp of from u auj. . i 

rar-e of from 1:1 to 10:1. 
. The parent European Application Mo. 33301149,, , 

supra stares that when the cationic biopolymer 
Electrolyte component is a mixture of tne 
^ucosa^inoglycan and collagen, then the .eight ratio o. 
the giucosaminoglycan to collagen 1. preferabiy «tbx. 

, , n s-i to 2-1 la accordance with a. 
0 the range. of from O.o.l to 2.1 

feature of the present invention, has now bee _ 
that copolyelectrolytes which have improved properties 
Lun: dlessin.3 are obtainable when the weig t r. ; o 

i „„ -ro pniueen is within the range 
of the glucosaminoglycan to collagen -a 

15 0 2 I to 13 = 1. ana preferably 3:1 to 10=1. Such novel 
. Jos of glucosaminoglycan. to coUagen can be employed 
both with the new ratios of- anionic protein 

to cationic biopolymer 
oolyelectrolyte component to cation 

ufh-irh a-*-e taught herein, at. 
oolyelectrolyte component which a.e a 

, -tt, the ratios of these components previously 

20 well as with the rat-os ion> Accordingly, 

taught in the parent Europe— „„ hil 'e 

f„r-her Drovides a hydrophil-c 
the present invention *™* ev »*° wate r-soluble 
blooolymer copolyelectrolyte 01 (a) a 

•«n<r nrotein oolyelectrolyte component deri/ea 
linear anionic protein yuxy A ... nic 

,wv^ a wate— soluble linear cationic 
25 from keratin, and (b) a wate. s 

• , . nnlvelectrolyte component derived from a 
biopolymer poly electroiy Qf ^ 

glucosaminoglycan and collagen, the wei Q 

5 • j ^lucrpn being within tne 

• glucosaminoglycan to said collagen being 

range from more than 2:1 to 13:1. 
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---v-'-Gcrel nenib rer.es cc-prising the copolyelectrc- 
Ivtes of the present invention exhibit a corf!ir.a-.::r. 
of" properties "rendering them useful as biodegradable 

dressings for ourn wcur.cs a^c c^. «e..<-<-e=- 

wound sites. Such membranes are strongly ac..er=.:_ --• 
underlying tissues, elastic, curable, highly perrr.ear-.e 
to cxvcen, absorbent to wound exudates without losing 
'their durability, have water vapor transport charac- 
teristics sufficient to keep the underlying tissues 
rroist without creating pooling, and have intact 
bacterial barrier characteristics. They may be 
readily and conveniently applied to the wound site m 
several alternative modes. By virtue of their biode- 
cradability, they do not require stripping. In the 
Matter stages of wound healing, when moisture througn 
the wound area is much reduced, any renaming ccroiy- 
electrolyte material will dry and harden to a protec- 

• • v ..411 -sain nf? naturally without 
tive carapace, wnich will -ail Oi.. w^-" * 

leaving any scarring. 
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DESCRIPTION OF ?REFZ ?-3gD SMBOS -H-NTS 

The hydrbphilic biopolymeric copoiyelectrolytes 
of the present invention are water-insoluble, water- 
sweilable materials comprising a water-soluble linear 
anionic orotein polyelectrolyte component derived from 
keratin and a water-soluble linear cationic biopclvr.er 
polyelectrolyte component derived .from at least one 
Woolvmer selected from the group consisting of a 
ciucosaminoalvcan, such as chitosan, and the protein, 
coiiaben. Keratin is a protein obtained from sources 
such as skin, fur, hair, wool, horn, nails, claws, 
beaks, and scales. It may be readily isolated from 
its source material and separated into its aipna 
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•<.-tcse and gamma-keratcse fractions by procedures 
we-.' known in -he -art, such as, for exar.?i-, 
de I~^»H bv Widra, Mvccpathologia et Mycolcgra 
, o :"::: ata , Voauxe 20, pages 141-144 (1965) and Rhodes, 
e ;" a i '/ Mvcccathclcgia ec Mycolocia Appiicata, Volume . 
H^ces 245-348 (1967), incorporated herein =y 
, e Unce. Chitosan is the deacyiated form of cmcin, 
; h ,. h is a glucasaminoglycan obtained as a ma 3 or 

. * ~* «-he- ehei 1 s of shrimp, crabs, ana 
constituent o. tne sne.-s _ 

lobsters, the cell walls of filamentous rung,, and the 
exoskeletons of insects. Chiuosan 

available in the form of fibers, for example, ..on 
ava " Lou^s, Missouri. 

Sicaa-Aldrich Corporation, St. Lou.s , 

Collacen is a fibrous protein which comprises ^ 
naior'oortion of the white fiber in connective ti~.es 

• i hn(iv oa-ticularlv in the skin, bones 
of t^o animal bocy, pa» ^< ^ - _ . 

of soluble fibers, for example, from Sigma-.,ld.-ch 
ro-=°-ation, St. Louis, Missouri. 
, water-soluble derivatives of fc.r.tin 

in t». anionic polyelectrolyte - - 

c-oweleotroiytes of the present invention are 
ooivelectrolytes in which the K.r.tin rcoiety « 
"an.-'c.-.io fora. A particularly suitable anionic kera, n 
, "dectrolyte i. a^oniu. fceratinate, obtaineo a 
5 total a^oniu* hydroxide-soluble rraction o. 

" .--j v,„ m3 n ha-!-, or the alpha- 

• oe—c-tic acid-oxicized human ha-., o 

P t f hhic f-act^on, bv the procedures 

^e-=tcse component of this r.act-on, . 

Uc-bed in the aforementioned Rhodes, et a_ 
m a ^-cle Due to evidence indicating a higner deg. - 
>0 a.w*cle. aioha-keratose form or aaao- 

of ncr.antigeniciuy, >-ne dx. 

nium keratinate is preferred. 

The water-soluble derivatives or the gi 
ine v«a>->=- caticnic 
ll(pin and collacen employed m -ne ca« 

samir.oglycan ana coj.. - 

35 bicpolymer polyelectrolyte component 



s- 0138385 

copolyelectrolytes of the present invention are linear 
poiyelectrolytes in which the biopolymer moiety is in 
cationic form. Particularly suitable cationic 
glucosaminoglycan and collagen poiyelectrolytes are the 
5 carboxylates of these biopolymers, such as their 
acetates or citrates, obtained by dissolving the 
biopolymer in an aqueous solution of the corresponding 
carboxylic acid. Chitosan acetate, collagen acetate, 
. and mixtures thereof, are preferred for use in the 
10 cationic biopolymer polyelectrolyte component. 

The weight ratio of the anionic keratin 
polyelectrolyte component to the cationic biopolymer 
polyelectrolyte component in the copolyelectrolytes of 
the' present invention is to lie within the range of 
15 from 0.001:1 to 16:1 and more preferably within the 
range of from 0.001:1 to 1:1. When the cationic 
biopolymer polyelectrolyte component is a mixture of 
the glucosaminoglycan and collagen, the weight ratio of 
the glucosaminoglycan to collagen is preferably within 
20 the range of from 0.5:1 to 13:1, and more preferably 
within the range of 3:1 to 10:1. 

When the water-soluble anionic keratin 
polyelectrolyte component is contacted in the presence 
of water with the water-soluble cationic biopolymer 
25 oolvelectrolyte component (i.e., cationic glucosamino- 
glycan, cationic collagen, or mixtures thereof), the 
polyelectrolyte components spontaneously rearrange 
themselves into a water-insoluble, water-swellable solid 
coherent mass. While the precise mechanism of reaction 
30 resulting in the formation of these biopolymeric 

cooolvelectrolyte bydrogels is not known with certainty, 
it* is believed that the initial attraction bet ween tne 
two polyelectrolyte components 
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. . ^^ e --a na- --arse, and that closer 
s cue to their oppcs^.e ne-_ / 

. . - — v : To'ecuiss then brings . • 
nv^ccsition cr tr.e cc-o^.-.e. 

n - <^- : - fitting and chenical 
nto clav a variety o- Swe— ^ 

*- -iiH ; nl* Sites 

„ --^ .-r^s^'-Vr.c mechanises at ^j.t.?i- =* 

llr -~ -v, e . molecules co crccuce -"—"^ 

^-hoi- ccoerties ana 

oioDcivniers. a../ ~/e.^, 

w ^. al ^ „ —e-ent from tnose or 

charactensu-wS <±-~ 

the<r individual components. 

" i, the'r hvdra-.ed lorn, the Siopolymeric copoly- 
electrolytes of the present invention are stress- 
durable hydrops which «,b. manipulated like a 
self-annealing pasta or putty and thereby formed into 
me,*rane sheets, troweled into crevices, or - 
shaped containers or around class or metal »« 
perforations. As long « moisture x. present, tney 
W„ flexible and elastic. As they dry down, ~«y 
"shrink, adhere to flat surfaces, self-anneal ana 

harden to a crystallite form of packed -»»^;;^ 

S<nce they are permeable to and expansile .n wa.e , 
t he cocoiyelectrolytes may be generated by -he 

- fc ^pir dehydrated fora to tneu 

addition of water rrom uSei. ceny<~ 

i-va-ros T*-or- reshaoed. 

hvdrogel rorm, anc -r.erea - , 

«f the bicsclvmeric co r oLy 
Preparation, or tne - , t ,. . 

oresent invention may suitably oe 

Ilrrled 'out by mixing together ac.ueous solutrons « 

^lvoiprtrolvte component ana 
the anionic keratin poLyelectro.y^ . 

n^ivpipctro^te component *-o 
cationic biopolymer polyeiectro. . rMU iM n a 

o-cioiftion end-point and allowing the ".u.-.»g 

" „ ni , ture to drv down to a cohesive membrane, 
integral mixture . ^ - a ix or . 
This may be done very carefully « -vo. 
r at<velv, aaueous solutions of the anronrc Kerat.n 
WL - ve - ' ' • , ^ a r-at'onic bioDOlymer 

colvelectrolyte component and the cat.onic 

'oolvelectrolyte comoonent may be mixed to form a gel 
colyelec.ro xyt all0 wed to dry 

which is then applied .o the wounc anot her 
* down to form the cohesive membrane. *et 
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s .;Tr S < s to mix aouecus solutions c: t.-e anionic 

keratin polyelectroiyte competent and the- cationic 

b ; occivr.er colyel=c..o. : - Cw.>. r u 

~ ~ " -~ — 

eel which is a 11c wed to dry on a ...c.c cr _wr...; 

neroorane- "ay . -_ 4 *e.i -e r 

strate either by cracking it zzz in its hri"le 

cenycrar.ee s--«-e sna - w ^ 

• ^ -Tr-3 j -*» na ^ t err in w=:.e* -s d * 

*^ ^™ * ^ 

. „ mu Q - r£ i we icht ratio oi the 

hvdrogel memoir an e . -he c~. — m&_ 

anionic keratin polyelectrolyte ccmpcr.ent to the 
cationic biopolyner polyelectrolyte component in 
copolyelectrolytes made by these nixing methods is 
about" 0-2:1 to about 7:1; a range of orcm about 0 .A : i 
*-o about 3.75:1 is preferred. 

As an alternative preparative procedure, one of 
the- oolvelectrolyte components in solid form may be 
contacted with an aqueous solution of the other 
oolvelectrolyte component. For example, the cationic 
biooolymeric polyelectrolyte component in solution may 

; ~<=> rn-rn'ov wr ■* ch rese~.bles 
be anea down i-o a. t-^y^^^ 

• • noo ;^; T i'ts- thickness s. — . 

va-y^a with the amount of solution used to cover a 
civen area before dry-down. Contacting the cationic 
biooolvmeric polyelectrolyte sheeting with an aqueous 

r < e ^a^- : nate results m tne rc re- 

solution of anraoniun xe-a. — " aL - _ 

tion of a copolyelectrolyte hydrogel membrane. This 
lav be accomplished, for example, by swabbing cr 
sorav^nc the ammonium keratinate solution onto oot., 
side's of .a sheet of cationic biopolymeric poiyeiectrc- 

i.V| B wpt-oo sheet to cr*-/ . 
ivte component ana allowing uhe w...- - 

, , . rs-^o solution may ce 

alternatively, the ammonium «r—.. = 

swabbed cr sprayed onto one sice o- - — - s..e- 

canonic bioooiymeric polyelectrolyte component; t.,e 

1 _-_.- c . she^t is then overiaic witn a 
w«tted siae or tms sne-^- 

- ,u oot ca^cr^c bioDclymeric polyelectrolyte 
seconc sheet o<. •caw-^i.-'- -* - ■> 
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;~" s - c h eet. This process may be repeated to :ora a 
n v-; D : 0 "sandwich" membrane. In yet another efficci- 
.ent of this invention, the arawnira ; <e-<^— 
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scvlfor. is first sprayed or swabbed directly onto, the 
„ wtrch is the overlaid with a sheer or 

clonic biopolymeric polyelectrolyte component 
«orn a cooolvelectrolyte hydrogel membrane in siru. 
r, each of these alternate embodiments the optimal 
height ratio o£ the anionic keratin pclyelectroxy te 
component to the oationio oiopolymeric 
component is about 0.001:! to about 0.2.1. 
.. "more convenient terms, abou. 30-500 mg anionic 
tin polvelectrclyte is applied per 1000 sq. cm 
su'rface a'rea of the cationic biopolymeric 
colv»iectrolvte component sheeting. 

"T h e biopolymeric copolyelectrolytes may be 
formulated with various additives, such , ... «« 
„«U. piasters or softening agenrs. 
ant^ur.cal or other pharmaceu^c-i * 
enzvaies, antibodies, pigments, or uie 
their properties for a particular end use > c 
additives may suitably be incorporated ^ - 
ccolvelectrolytes either subsequent to tnair orma 
t«; n 'or along with one or more of their polyelec o- 

„►« darina the*- formation. When used in 
ivte components during tne— ^ 

" i- *.<««e «nr example, the biopoly- 

wcund dressing applications, .or exam F ^ > 

•, « ^r-o-^r-abW are mixed with a 
T-er<c copolyelectrolytes pre.e.a&.y 

\ x.- • ^ nr softener, such as glycerol, 
non-toxic plasticizer or sortener, 

fflin , su -- ic ie«t to enhance the rlexioility 
in an amount s Ji j.icxe..<- , 

. - «->,„ dress* nc. When employing 

a nd/or adhesion or the dress-ng. 

ana/ or a ^ oolvelectro- 

chitosan acetate sheeting as one or -..e . 
chitosan * ornu i a tina the biopoiymenc 

lyte components m J*™^^ Q£ softener is 
copolyelectrolytes, the pla.t-c 
5 advantageously incorporated in.o ...e 
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sheeting, for example, in a weigh" ratio of piasti- 
cizer cr softener to chides an ace tare within -the rar.ce 
of from about 0.3:1 to about 12:1. 

Che hydrogei membranes in accordance, with the 
5 present invention -.ay ■ be formed in a wide .ranee of 
thicknesses, the optimum thickness varying with -he 
desired end use. Membranes thicknesses of at leas: 
about 1 mil will have sufficient strength and cura- 
bility for most application. For membranes used as 
10 wound dressings, a thickness ranging from about 1 to 
about 7 mils has been found to be particularly suit- 
able. The membrane thickness may • suitably be con- 
trolled m various ways. For example, varying the 
concentrations of the polyelectrolyte components in 
15 the stock solutions employed in the formation or tne 
copolyelectrolytes will result in corresponding 
variations in the resulting membrane thickness. 
Alternatively, separately formed hydrocel layers may 
be laminated together, for example, with the aid of an 
20 intermediate coating of a suitable softener or piasti- 
. cizer (e.g. , a glycerol-water mixture) , thereby 
forming a composite hydrcgei membrane. Such composite 
membranes may be fabricated with their separate 
hydrogei layers having either the same or different 
25 composition. For example, the cationic biepciymer 
polyelectrolyte component of the copoly electrolyte may 
be cationic chitosan in one layer and cationic col- 
lagen in another layer. 

The combination of properties exhibited by the 
30 biopoiymeric copolyelectrclyte hydrogei membranes c: 
the present invention render them particularly suit- 
able "for use as dressings for burn wounds and ether 
denuded tissue wound sites. Such membranes are 
rapidly, uniformly, and strongly adherent to under- 
35 lying tissues by. virtue of their shrinkdewn from the 
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-v-ratec state and/or by virtue cf their col- 

t^nt ar.c resulting --.-<a-e -o 

csd. ?hev are curaaie wO — s 

u^:^- <3 r-^^ as r.eecec e.;..a.*ce 

— v. They have a men cec.ee ^ 

, ron3 ^ n -"Jexible and 

serious cr oicccy exacaue, cuu 

• „ _.. aC3r ^ The"" r vatsr 
elastic so long as moisture is presen-. _ 

«, OQ — characteristics are such as ro a-icw 
vacor transpo.- . ^ 

maceration of water at a rate sufficiently nigh so 
"as to" prevent fluid pooling beneath the dressing, and 
vet sufficiently low so as to maintain the requisite 
nocture at the wound surface for: wound healing cel- 
Ration to cccar and the requisite noisture witmn 
membrane tor maintenance of flexibility ana 
el£S ^ c itv. The hydrogel membranes are highly perme- 
able" to oxveen, allowing air to get into the wound 
while .towing bacteria. Their microbial barrier 
function can be further improved by incorporating 
antimicrobial agents into the dressing, ror examp.e, 
bv inclusion in the hydrogel during its rotation, oy 
/-.elusion 'between hydrogel layers, cr by direct 

o- s-ea-inc onto the wound dressing as 
soraymg or Sn.ea — - l< 3 U1 ' . 

c • nical conditions demand. 

,„ e materials used in making the copolyelectro- 
iv-s and their hydrogel membranes are non-antigemc 
and non-toxic, and are readily available. Purtner- 
_ ore the cooolvelectrolytes, either in dehydrated or 
Wdrlted form, are easily storable at room temperature 
i"n coivethylene bags, aluminum foil packs, or ^as.ic 
discs' after autoclaving, gas, alcohol, or "dragon 
sterilization. ; Sterilization by ultraviolet raaiarion 
c - ethylene' oxide gas is preferred. 

T ; e copolveiectrolyte hydrogel membrane wcunc 

• = m ,v bo -eadilv and conveniently applied to 
dressings may be .eacixy ««i _ odes 
a «4<-p « n several different application .uoces. 
5 the wouna site m seveic- ^ 
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For example, z'r.e hydrccel -.ay be preferred ar.d applied 
to -he wound site ei-her as a preformed nerrjrrar.e :r as 
a self-annea img paste. .--i.^er..cL. l /e.. , -ne ^ r ^- - : 
electrolvte may be preferred and applied to the wound 
site in dehydrated form, either as a dried -erirar.e or 
as a powder , and thereafter allowed to hydrate to an 
adherens conforming hydrccel membrane in situ on the 
wound site. A further alternative application -ode is 

■ 

to individual iy apply the anionic kerarin 
polvelectolyte component and the cationic bicpoiy-.er 
poiyelectrolyte component to the wound site so 'as to 
effect in situ formation on the wound site of the 
copolyelectrolyte as a hydrogei membrane. In this 
latter mode of application, both of' the poiyelectro- 
lyte components may be applied as aqueous solutions, 
or one may be applied as an aqueous solution and the 
other in solid' form. For example, the wound site may 
be first sprayed or swabbed with an aqueous solution 
of ammonium keratinate, and thereafter overlaid with 
dried chitosan acetate sheeting, preferably including 
a f iexibility-and/cr adhesion-enhancing, amount of a 
non-toxic plasticizer or softener, such as glycerol. 

The copolyelectrolyte hydrogei' membrane wound 
coverings can remain in place over substantially the 
entire wound healing period, during which time fluid 
exudate from the wound is absorbed, and white blood 
cells and macrophages infiltrate the hydrogei ant 
ultimately dry at the upper air interface tc form ; 
protective scab, while entering fibroblasts elaborac- 
• ing collagen fibers bind to the lower moist surface o 
the membrane. Epidermal cells move in centripetail 
from, the edge of the wound through these collage 
fibers to. grow over and close the wound in the mcis 
space between the fibroblasts and the white cell 
infiltrated membrane. The moist membrane beccrr.e 
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- - c;;-n ce 1 Is , white ceils and rr.acro- 

m iat^^ staces of wound healing, vr.en 
chages. m u..e _au ° , 



spaces. — - - , 

-c'i— e Crouch the wound area is much recucea, tne 

« r-v *"d harden to a protective 

regaining mer^rane wu. c/ —g ..a. 

wh^rh w^ 11 fall of i .natural-; 
caracace cr scao, whj.cn 

" . , e „-.~~4~ c The dried scao nay, ir 

without leaving any sc^.-g. -ne ^ 

, ^ „^*.^ ae * - G noved bv application ot a 

desired, be soitened a. .a ^™ veu 

q • vcerine-water mixture. 

While the hydrophilic biopolymeric copolyelectro- 

. „ Kat/o been described 
lvtes of the present invention have 

„ Q ,.v, 61 v utility as hydrcgel 
primarily with rererence to the- ut / i 

, - - = ■;+• will be understooa tnav. 

membrane wound dressings, it win oe ^ 

the*e novel materials have a wide variety ot ocner 
potentially important applications. For example th/ 
Ly be used in conjunction with implantable pros.ne.xc 

• sea- t-sue coverings,, sutures, tapes, 

devices, ana as scar t-- r u = - _ 

. • a please d-ug carriers, and tune linings m 

sustained release u-uy — 

byoass surgery. They .ay be covered with an ,«r- 
a r"ovth of a layer or layers o£ cultured e pl t,el.al 
;„„ to" form a synthetic skin wound cress,*, o. 
craft, or fur use as a lining in prosthetic plants 

and devices. lustr ated by way of 

The invention is -ur^ne*. <- 

the following examples. 



EXAMPLE 1 



30 



, . • -~r- mcp in oreparina hycropnilic 
Stock solutions ror use in prepa- . ■ . . . 

, , ,,*. P e in accordance witn tne 

bioDclvmeric copolyelect.oly.es ma 

u xu - - j ■* - fhP following 

present invention were prepared m the 



manner. 
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Chitosan acetate solution was prepared by ccntin- 

sno ira of oractical grade snrira? 
uously stirring 500 mg or P 

f^a-na-Ald^-ich Corooration, St. ^ou-s, 
chitcsan risers is-gma aj-q-- 1 -" 
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Missouri) into 200 ~l of cole 0.25% (v/v) acetic. acic. 
The solution was cleared of cress particulate, -:r.atter 
by filtration through a 12 - layer gauze pad or. a 

Buchner funnel. 

Collagen acetate solution was prepared by stir- 
-*«c 200 ma of bovine collagen fibers f acid-soluble 
Tvpe III, Sigma-Aidrich Corporation, St. Louis, 
Missouri) in 100 r.l of cold 0.25% (v/v) acetic acid. 

Alpha-keratose ammonium keratinate solution was 
prepared as follows. 12 grains of clean, dry, blor.d 
human hair, previously decreased and washed, were 
placed in a 1 liter Erlynmeyer flask containing 320 n\l 
of water. 80 ml of concentrated peracetic acid was 
added, and the flask stoppered. The contents of -the 
flask were swirled and then placed in a refrigerator 
for 24 hours with occasional swirling. The bleached, 
easily stretched and torn ("retted") hair was then 
freed of the peracetic acid by decantation and thor- 
ough washing with separate water rinses. The washed 
retted hair was then covered with 800 ml of 3 N 
ammonium hydroxide, and stirred in the cold for 24 
hours to solubiiize hair keratins. The total soluble 
protein (T?) fraction was then cleared of solids by 
centrifugation, discarding undissolved protein and 
non-protein residual debris. The T? fraction was 
further clarified through Whatman No. 1 paper, dia- 
lyzed against water until the dialyzate wash gave only 
a r a i n t oositive for ammonia with Nessler's reagent, 
and then Seits microf iltered. Alpha-keratose was 
precipitated from the TP fraction by incremental 
addition of 0.1 N hydrochloric acid while stirring. 
The precipitate was collected by centrifugation, and 

««-*** 

the supernatant gamma-keratose , antigenic ror raooits, 
was discarded. The alpha-keratose precipitate was 
.shed in water, re-centrifuged , and then solubilited 
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in 0.1 N ammonium hydroxide. A second cycle of 

. ,..- ;fln -vasTire and solubilization was run-on tae 
a^ba-keratose before final dialysis against: water, 
-<c-of titration, and storage in a sterile container. 
The resulting solution contained approximately 7.o mg oi 
alpha-keratose ammonium keratinate .per ml. 

EXAMPLE 2 

The chitosan acetate and alpha-keratose ammonium 
keratinate stock solutions prepared in Example 1, were 
emoloyed in the preparation of a chitosan keratinate 
cooolyelectrolyte. 50 ml of chitosan acetate solution 
(containing 250 mg of chitosan acetate) and lo ml of 
ammonium keratinate solution (containing 250 mg of _ 
chitosan acetate) and 15 ml of the ammonium keratinate 
solution (containing 112.5 mg of alpha-keratose «onxu» 
k eratinate). were mixed together in a plastic 
to orecioitation end-point to produc. an opaque whitish 

■ + ~ TTnnn evaDoration oi une 
sticky, flocculent precipitate. Upon evapo 

suoernatant, the precipitate dried down to tor. a d 
brittle transluceht sheet, which was pried or cracked ^ 
from the bottom oi the dish. Upon adding water to tne 
drl ed serial, a sel£-annealed, tough. 

stable, cohesive chitosan keratinate copolyelectrol.te 

hvdrogel membrane was formed. 

EXAMPLE 3 

All three oi the stock solutions prepared in 
Example 1 were employed in the preparation 
c ollagen keratinate copolyelectroly, ,. * m o 
chitosan acetate solution (containing 1=0 mg or 
!0 acetate,, 10 ml oi the collagen acetate solu on 
(containing 20 mg oi collagen ace « - ■ 
a^onium keratinate solution (containing " ° f ; 
keratose ammonium keratinate,. were mixed W-U. 
pustic Petri dish to precipitation ^ 

*+.«^.+- t hp nr6ClDi tatc 
. • ^ n n f the suoernatant, tne * 
35 evaporation of ^ sup n adding water to 

down to a crystalline-like sheet. v 
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the dried down precipitate, a self -annealed, flexible, 
cohesive chi'tosan-collagen keratinate copolyelectrolyte 
hydrogel membrane was formed, which was teased and 
floated from the bottom of the dish. 

Examples 4-7 illustrate the preparation of 
chitosan keratinate copolyelectrolyte hydrogel membranes 
containing a variety of antibiotics. 

EXAMPLE 4 

Chitosan acetate sheeting was prepared by mixing 
2 ml glacial acetic acid, 2 ml glycerol, 40,000 rag 
gentamycin sulfate (Garamycin, Schering Corp., Kenilworth, 
NJ), 796 ml water, and 4 g practical grade shrimp 
chitosan fibers (Sigma-Aldrich Corporation) . The 
mixture was stirred until a solution was formed. The 
solution was filtered through five layers or cheese cloth 
and allowed to dry down to form a cohesive solid sheet of 

chitosan acetate. 

The 9" x 12" x 2" dried chitosan acetate 
sheeting was sprayed on both sides with a total of about 
10 ml of a 5 mg/ml alpha-keratose ammonium keratinate 
solution prepared in a manner analogous to Example 1, to 
form a chitosan keratinate copolyelectrolyte hydrogel 
membrane containing the representative antibiotic 
gentamycin sulfate. 

EXAMPLE 5 

Chitosan acetate sheeting was prepared by mixing 
2 ml glacial acetic acid, 2 ml glycerol, 796 ml water, 
and 4 g practical grade shrimp chitosan fibers (Sigraa- 
' Aldrich Corporation). The mixture was stirred to 
solution and filtered as in Example 4. 

70 ml of this chitosan acetate solution was 
poured into a standard plastic Petri dish (3.5- diameter) 
and 300 mg demeclocycline powder (Declomvcin, Lederle 
Laboratories Div. American Cyanamid Corp., Wayne, NJ) was 
, added with stirring. The mixture was allowed to dry 
down to a membrane which was then lifted out and sprayea 
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on both sices with a total of 3 ml of a 5 ag/ml al.oha- 
keratcse arrraonium keratinate solution prepared in a . 
manner analogous to that of Example 1, to -form a chitosan 
keratinate copolyelectroly te hydrogel membrane containing 
the representative antibiotic cececlocycliae. 

EXAMPLE 6 

Chitosan acetate sheeting was prepared by mixing 
2 mi glacial acetic acid, 2 ml glycerol, 795 ml water, 
and 4 = g practical grade shrimp chitosan fibers (Sigraa- 
Aldrich Corporation). The mixture was stirred to 
solution and filtered as in Example 4. 

58 ml of this chitosan.. acetate solution was 
poured into a standard plastic Petri dish and 1 ml 
glycerol and 320 mg cefoxitin powder (Mafoxin, Merck 
Sharo & Dohme, Rahway , NJ) were added with stirring. 
To this mixture was added 10 ml of a 5 mg/ml alpha- 
ke-atose ammonium keratinate solution prepared in a 
manner analogous to that of Example 1 and containing 12a 
ng of dissolved tetracycline (Sumycin, Squibb & Sons, 
rnc Princeton. NJ) . The combined mixture was allowed 
-.0 drv down to a yellow-brown chitosan keratinate • 
cooolyelectrolyte hydrogel membrane containing the 
representative antibiotics cefoxitin and tetracycline. 

EXAMPLE 7 

Chitosan acetate sheeting was prepared by mixing 
2 ml glacial acetic acid, 2 ml glycerol, 20,000 g 

c„i-F*f^ rvallev Biologicals lac, State 
o-entamycm sulfate ivaiiey OAUA & 

College, PA), 796 ml water, and 4 g practical grade 
shrimo chitosan fibers (Sigma-Aldrich Corporation) ■ 
The mixture was stirred to solution, filtered, and dr.ed 

as in Example 5. 

The -9" x 12" x j" dried chitosan acetate 

sheeting was sprayed on both sides with a total of ^ 
of a 5 mg/ml alpha-keratose - ionium keratinate solutxon 
prepared in a manner analogous to Example 1 and 
containing 191 mg dissolved carbenicillin powder 
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(Geocillin, Roerig Div. Pfizer Pharmaceuticals, New 
York, NY), to' f orm a chit.osan keratinate 
copolyelectrolyte hydrogel membrane containing the 
representative antibiotics . gentamycin sulfate and 
carbenicillin . 

EXAMPLE 8 

Patient A, a 54-year-old white female with 
multiple left leg ulcers diagnosed as pyoderma 
gangrenosum secondary to Crohn's disease was seen on 
Dermatology Service, University of Illinois Hospital, 
after orior unsuccessful treatment. Two of the ulcer 
lesions were pre-tibial (ashallow lesion 3" in diameter 
and an elongated deep crater about 3" x 4" long); a 
third lesion was a deep finger-like ulcer projecting 
about 1 1/2" into the back of the leg. The patient had 
been hospitalized for 14 weeks and was receiving high 
dose prednisone (200 mg daily) for her Crohn's disease 
and 1% silver nitrate soaks on the ulcers as an 
antiseptic and to encourage crusting. Silver nitrate 
was not effective in containing the - 
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-'.*-de ~as~e later 

_ . . «^ — " — 

. ; - s an occlusive dressing ever the larre .esicn 

— ^ * — . — n — n e .sc" . 

. — ^ • — V* C 2C-.»*- .C.i _..ww rf 

— *•*•■* «* 

^_r./ - - p o — SP. — — 

w — / * f ^ . 

... -v-or-- -a^-a i surcricai vcu..cs r ~ 1 

rpserr^img cne =.<-er-.ae - 

in rabbits, was treated at --- s — 
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The lesion was 
of aicha- 
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a sce-iie 5 mg/mi solution 
saturated wj.*.** ^ ^ ^ 

* * ±. ± n^pna^sd m a manner 

ker a tose amnion .n-:n xe.dLxiioc - 

- „ *i ~ i . ^p^-»^ -^er a chicosan 
analocous to- that or example 1, u..e 

i .i a .i-nivrp hvdrocel membrane con- 
ke'-atinate cccoiyelectrolyte nyaru.e- 

...ir.fe oreDared according to 
taining gentarayem sulfate preps 

, • - j-k^ „vor This was cressed . 
ExaiRole 4 was laid on che nice.. ^ 

with " a T."a oad (Kendall Hospital " Proauc.s Div. , 

* nnc c n ^n SS in treatment 

o< the upper shallow ulcer led to aer.tan.ycrn sulra^- 
cnxtcsan .eratinate hydrcael xenirane appUcatro to 
> h e other ulcr. with comparable results. Treaunent 
^ the deep fin=er-!i*e ulcer and the large cratered 
nrp-*^b<al ulcer containing exposed .-^ 

of- exoosed bone was then begun, ...e u_ -s 

" ^ • ^ c nc /T l ,! ai^ha-keratcse 

saturated wi~h a s^e e 

^ or i ? id v^' t- a l?/-steriiizea 
- r- 3 v -hen cveriaia ^ - — & 

g^vcerir.ated chitosan kerazrr.a.e - r o . 
y - . • _ ^r^snvc^, Dresarea 
vv-cgel nerabrane containing gen^myc. _ 

" to Exa-ole * . The patient noted absence ox 

ren 'en'esl and pain within minutes after the membrane 
was in Place. From this day onward, pre-spraymg o 
leS ions with aipha-veratose was discontinued. n 
\„A -he dried-down 9" x 12" chitcsan acecate .neeu 
, steaa, .he c.ie tB , nes for3lf suspended 

was simply peeiec rroru iwS conta-..- 

• , ir bv a - set of clips, and sprayea on bo-n -aea 

wi th a total of 10 ml alpha-fceratose (5-i.S ag a.) 
wi^.a ^ „ t i a 1 1 owea to 

nrepa-ed according to Example 1, al-owe 
solution prepa-- o0 lvethylene 
= , - -v, en uv-sterilized uncer ?o_v 
5 dry i^i air, ...en 
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(Saran Wrap) sheeting . After about 7 weeks a -five- 
day-old membrane fcrnir.g a firm carapace en the large 
lesion had split and lifted off of the healing site 
which was covered with collagenous fibrotic material. 
Exudate and drainage into the gauze cvervrap was 
minimal. The patient was ambulatory, free of pain, 
and discharged from the hospital two weeks later. 
Follow-up treatment was on an out-patient basis at 
progressively longer intervals, where soft degraded or 
hardened non-adherent membrane was simply washed- or 
cut away, the reduced, .lesion was. washed in 3% 
peroxide, and a new gentamycin sulfate chitosan 
keratinate copolyeiectroly te hydrogei merr.br an e pre- 
pared as above was applied and dressed as usual. 
Membrane degradation over the collagen-filled gran- 
ulation base continued for two more months. "Pearl- 
ing" at the edge of the lesion indicated new 
epithelial growth. Continued reduction of the lesion 
bv epithelial inarowth was apparent through the next 6 
months to an uneventful recovery with complete ■ re- 
epithelial ization. 

The successful treatment of these ulcers demon- 
strates that the membranes of the present invention 
1) accelerate healing, 2) cause epidermal closure 
over a large area, 3) promote healing over a diffi- 
cult area (i.e., bone), 4) work against a corti- 
costeroid gradient (e.g. high doses of prednisone) , 
and 5) alleviate pain. 

Examole 9 



Patient 3, a 26 year old black female with 
procressive svstemic scleroderma was seen and treate 
for painful ankle ulcers on Medical Service 
University of Illinois Hospital. She had bee 
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unsuccessfully treated curing the previous cv/o weeks of 
hcsoizaliza- ion with whirlpool ca:hs, nizropaste, 
hetacine dressings, and Oxacillin, an oral antibiotic 
ictive against the bacteria Staphylococcus aureus found 
■' - her lesions. The wounds were washed with Z.o 
reroxide, and giycerinated giucosanunoglycan keratinate 
-err.branes (prepared according to Example 4 but omitting 
:he antibiotic) were applied to the lesions on each leg 
with the usual Telia and gauze overwraps. She was 
discharged, pain-free, two days later and thereafter 
continued her treatment as an out-patient in Special 
Medicine (Rheumatology Service). - The initial 
application of plain membranes did not "take" due to 
underlying nixed bacteria consisting of Staphylococcus 
aureus' and Group 3 beta-Strept oco_cci ■ With application 
of a chitc<=an keratinate • gentamycin-containing 
ccpolyeiectroiyte hydrogel membrane prepared as in 
Example 4, the left ankle lesion incorporated the 
membrane which was transformed to a scab. It 
subsequently healed uneventfully. The right ankle 
lesion remained exudative and now included Snteroccoci 
on culture of exudate. A formulation of the chitosan 
keratinate copoiyelectrolyte hydrogel membrane 
containing 300 mg of Declomycin, to which the mixed 
-,ora were susceptible (prepared as in Example 5) was 
rolled to the wound. It formed an adherent hard scab 
and remained in place for 8 weeks before cracking and 
--r lability allowed bacterial re-entry. The patient 
was seen weekly on an out-patient basis for several 
-.onths, whilst wearing a cefoxitin tetracycline- 
containing glucosaminoglycan keratinate polyelectrolyte 

• ~ »-<=h arrnrcine to Example 6 over 

hvdrogel memorane prepared according, 

the lesion. Over this period, pain was absent. 
Several months' later, however, the patient was re- 
admitted into hospital for definitive work on the 
bacteria complicating the healing process. Pseudomonas 
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aeruginosa and Group B beta-streptococci were found in 

the lesion. _ The above organisms, singly and in -mixture, 

proved to be moderately susceptible to cefoperazone 

sodium by disc test. Accordingly, a membrane containing 

TM 

cefoperazone (Cefobid 1 , Roerig, New York City) was 
applied. On the second and third days following this 
membrane application pus, which proved to be sterile, 
was * expressed from a central slit made in the membrane 
and the lesion under the membrane was irrigated with 

10 ml of an aqueous gentamycin solution (1,000 mcg/ml) 

TM TM • 

before rewrapping in Telfa and Kerlix * . The patient 

was discharged on the following day with a fresh 

cefoperazone membrane and dressing in place. This was 

replaced twice at five daily intervals with new 

gentamycin/cef operazone membranes. All cultures- 

following the initial application of a cefoperazone 

membrane were negative, within two weeks no exudate was 

apparent, the edges of the lesion became sealed, and 

central darkening under the membrane presaged scab 

formation over the lesion. 

The cefoperazone membranes used in this clinical 

test were prepared as follows. 65 ml of standard glycar 

solution was allowed to dry down in a plastic Petri dish. 

(Cef ooerazone solution Drecioitates and forms its own 

membrane in glycan solution.) 1 ml of water- 

TM 

reconstituted Cefobid solution containing 250,000 meg 

of cefoperazone sodium was added' to 5 ml of alpha- 

keratose (5 mg/ml) solution. This mixture was poured 

over the dry glycan sheet and evenly distributed. The 

glycan swelled and developed a transient cloudiness as it 

reacted with the cef operazone/keratose mixture. After 

dry-down, the clear membrane was harvested and U.V. 

TM 

sterilized under Saran Wrap before use. 

The following procedure was used to prepare the 
gentamycin/cef operazone membranes. 1 ml containing 
10,000 meg of gentamycin sulfate (Valley Biologies, Inc. 
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State College, PA) was added to 65 ml of standard giycan 

solution in a Petri dish and allowed to dry down. • 1 mi • 

TM 

containing 250,000 meg of cefoperazone sodium (Cefobid '* ) 

was mixed with 5 oil of alpha-keratose (5 mg/ml) and 

evenly distributed over the dried giycan sheet. This 

was allowed to dry down in turn. The gentamycin/ 

cefonerazone-containing membrane was then harvested and 

TM 

U.V. sterilized under Saran Wrap before use. 
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Patient C, a 72-year-oid white male with a his- 
tory of rheumatic fever, painful arthritis/ a heart 
valve prosthesis, and an infra-inguinal vessel, crafted 
to treat peripheral vascular insufficiency in his lees 
had. been hospitalised at Lutheran General Hospital , 
Park Ridge, Illinois, when first seen for leg ulcers. 
The large pre-tibial ulcer (ca. 3" x 6") on his left 
leg was grossly contaminated with mixed Pseudomonas 
aeruginosa and Staphylococcus aureus , showed a 
gangrenous tendon, and was developing a progressive 
cellulitis traveling toward the knee. A surgical 
conference group recommended amputation below the knee 
which was refused by the patient. 

The patient" was given a single course cf 
amikacin/prostaphciilin therapy by intravenous drip. 
No surgical intervention took place. Simultaneously, 
therapy using 3% peroxide washes followed by applica- 
tion of chitosan keratinate/gentamycir. 
cooolyeiectrolyte hyCrogei membranes prepared accord- 
ing to Example 4 and the usual Teifa and gauze over- 
wraps was initiated. Ixudate-wet outer gauze wrapping 
was changed 2 or 3 times daily. Teifa pads and the 
chitosan keratinate/gentamycine copolyelectrclyte 
hydrogel membranes were replaced every 4 or 5 days 
following a peroxide wash with gauze pad swabbing to 
remove detritus. Only non-adherent membrane v;as 
removed, or cut away. The patient was moved to a 
nursing facility within two weeks where giuccs- 
aminoglycan keratinate gentamycin copoiyelectrcly-e 
hvdrocel membrane therapy was continued. The patient 
noted absence of pair, with the membrane in place. 
Within 3 weeks the advent of fresh granulation tissue 
and sealing of the wound edges was apparent. However, 
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i-..i^r* .^c--::::n cf the devitalized ter.ccn was 

asoarent tec. The .er.ccr. was soft and. freely movable 
• = ->V5 ; " ; expressed cus icr* 

>- = r--or-- ^cical stucies . it *as = » — ,sec^e.. 

5 ar.d cair.iessiy cue cut. The Pseudc.T.cr.as organise 
crcved to be ' very sensitive to carbeniciiiin , ar.d so . 
two weeks after surgery the tendon-free lesicr. was 
cleaned with peroxide ar.d swabbing, then covered with 
a centaravcin/carbeniciilin-containing chitosan 
10 keratinate copolyelectroiyte hydrogel membrane 
prepared according to Example 7. Carbenicillin- 
containing solutions polymerize directly and 
non-unif oraly with the glyeaii ■ solution. Membranes 
containing carbeniciiiin must therefor be formulated 
15 bv snraying the chitosan acetate sheet (in this 
instance containing ce.ntamycin sulfate) with aipha- 
keratose solution containing dissolved carbeniciiiin 
powder. 

Collagen deposition, development of new 
granulation tissue, and continued ingrowth of periph- 
eral epithelial tissue is taking place in spite of 
continued exudation frcm the center of the lesion. 
?vo smaller ulcers, one cn the underside of the left 
leg d" x 2") and cne cn the inner aspect of the ngnt 
ankle (1" diameter) were successfully closed with 
centamvein-containing glucosamincglycan keratinate 
copolyelectroiyte hydrogel membranes prepared 
according to r,xau.?ie 

^ A Exar.ole 11 

Polvtetrafluorcethylene (Teflon, E.I. Du?ont 
deNemours and Co., Wilmington, Delaware) tubing is 
used in surgerv as a prosthetic device to replace 
35 blood vessels. Narrow-bore tubing is extremely prone 
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to thrcmbus formation. Hence there is much interest 
and value in obtaining a r.cn-thrcmbogenic lining for 
such tubing cr better yet, a lining which will support 
confluent growth of endothelial cells, the natural 
lining of blood vessels.. 

Such a lining was prepared by the following 
procedure : A section of polytetraf luoroethy lene 
(PTFE) tubing (Gore-tex, W.L. Gore and Assoc. , 
Flagstaff, Arizona) was soaked in absolute ethanoi to 
destroy its hydrophobic properties. The tubing became 
translucent; excess fluid was drained but the tubing 
was not allowed to dry completely. 

One end of the tubing was pinched ciosea and a 
Pasteur pipette was used to fill the tube with a 
portion of a solution of 2 ml glacial acetic acid, 2 
ml glycerol, 796' ml water, and 4 g practical grade 
shrimp chitosan fibers (Sigma-Sldrich Corporation) 
The upper end of the filled tube was then stretched 
gently in order to insure thorough wetting of ail 
pores in the tube. The filled tube was then laid in a 
horizontal oosition and allowed to dry down. The tube 
as rotated once during drying to insure even dry-down. 
The efficacy of the chitosan acetate coating procedure 
was determined with fresh Gram's iodine which wetted 
and stained (blue-black) the giycan-coated areas only. 

With a second Pasteur pipette, the chitosan- 
acetate-coated lumen of the tube was wetted with a 
solution of 5 mg/nl aipha-keratose solution prepared 
in a manner analogous . to Example 1; the ■ tubing was 
then allowed to dry again. 

The resulting cried, coated tubing was then used 
as a substrate for live cell culture. Canine 
endothelial ceils were grown on chitosan keratmate 
membrane-coated ?TFE in Roswell Park Memorial Insti- 
tute (RPMI) 164C tissue culture medium (M. £ 
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rapidiv cn such coated ?T?E than cn ur.ccatec ?7?Z 
controls. 

In order to reduce thrcrtbccenicity in the pros- 
5 -hesis , ' heparin, sodium nay' be dissolved in the alpha- 
keratose solution used to vet down and hind the 
chitosan acetate component to the tube, (Heparin 
polymerizes directly with the chitosan acetate so- 
lution and therefore makes uniform dispersion in 
10 chitosan acetate solutions difficult) . 
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CLAIMS: 

1. .A hydrophilic biopolymeric copolyelectroly te 
of (a) a water-soluble linear anionic protein 
polyelectrolyte component derived from keratin, and (b) a 
water-soluble linear cationic biopolymer polyelectrolyte 
component derived from at least one biopolymer selected 
from a glucosaminoglycan and collagen, the weight ratio 
of said anionic orotein oolveiectrolyte comoonent to said 
cationic biopolymer polyelectrolyte component lying 
within the range of from 0.001:1 to 16:1 but outside the 
range of from 1:1 to 10:1. 

2. The copolyelectrolyte of Claim 1, comprising 
an integral mixture of said anionic protein 
polyelectrolyte component and said cationic protein 
polyelectrolyte component, 

3. The copolyelectrqlyte of Claim 1, comprising 
one or more layers of said anionic protein 
polyelectrolyte component, which anionic layers may be 
the same or different, alternated with one or more layers 
of cationic protein polyelectrolyte component, which 
cationic layers may be the same or different. 

4. The" copolyelectrolyte of any preceding claim 
wherein said anionic protein polyelectrolyte component is 
ammonium keratinate. 

5. The copolyelectrolyte of Claim 4, wherein 
the keratin moiety of said ammonium keratinate is aipha- 
keratose. 

6. The copolyelectrolyte of any preceding claim 
wherein said glucosaminoglycan is chitosan. 

7. The couolvelectrolvte of any preceding claim 
wherein said cationic biopolymer polyelectrolyte 
component is a biopolymer carboxylate. 

8. - The copolyelectrolyte of Claim 7, wherein 
said biopolymer carboxylate is a biopolymer acetate. 

9. The copolyelectrolyte of any preceding claim 
wherein the weight ratio of said anionic protein 
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poiyelectrolyte ccnpcner.: to said cationic biopoiymer 
poiyelectrolyte ccrr.cc.ien- is within the range of from 
0. :01 : 1 to 1 : i . 

10. ' The ccpclyelectroly te of any preceding 
claim, wherein the bizpcivr.er moiety of said cationic 
b i coo I vrr.er do 1 y e 1 ec i r o 1 v : e cct.o orient is a mixture cf 
chitosan and collagen in a chitosan to collagen weight 
ratio of from about 0.5:1 to about 13:1. 

11. A hydrophilic biopolymeric copolyelectroiyte 
of (a) a. water-soluble linear anionic protein 
poiyelectrolyte component derived from keratin, and (b) 

a water-soluble linear cationic biopolymer poiyelectrolyte 
component derived from a glucosaminoglycan and collagen, 
the weight ratio of said glucosaminoglycan to said 
collagen being within the range from more than 2:1 to 
13:1. 

12. The copolyelectroiyte of Claim 11, wherein 
said weight ratio of said glucosaminoglycan to said 
collagen is within the range from 3:1 to 10:1. 

13. A composition comprising the 
copolyelectroiyte of any preceding claim, and a 
flexibility- and/or adhesion-enhancing amount of a non- 
toxic plasticizer or softener. 

14. The composition of Claim 13, wherein said 
olasticizer or softener is glycerol. 

15. A composition comprising the 
copolyelectroiyte of any one of Claims 1-12, and an 
antibiotic. 

16. A hydrogel comprising the copolyelectroiyte 
of any one of Claims 1-12 in hydrated form. 

17. A membrane comprising at least one layer of 
the hydrogel of Claim 16, said membrane having a 
thickness of at least about 1 mil. 

18. .The membrane of Claim 17, wherein both 
cationic chitosan and cationic collagen are present 
either in the same hydrogel layer or in two separate 
hydrogel layers. 
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19. A biodegradable dressing for burn wounds 
and other denuded tissue wound sites, comprising the 
membrane of Claim 17. 

20. The dressing of Claim 19, wherein said 
membrane includes a flexibility- and/or adhesion- 
enhancing amount of a non-toxic plasticizer or 
softener. 

21. The dressing of Claim 20, wherein said 
plasticizer or softener is glycerol. 

22. The dressing of any one of Claims 19-21, 
wherein said membrane includes an antibiotic. 

23. A biodegradable lining for surgical 
prostheses, comprising the copolyelectrolyte of any 
one of Claims 1-18. 



